The humoral immune response against c(1-->3) dextran (Dex) 
INTRODUCTION
The antigenic determinantes of a number of biologically important substances consist of carbohydrates. In the case of encapsulated bacteria the polysaccharide capsule is important for both the pathogenicity and immunogenicity of these organisms, enabling them to resist opsonization and clearance from the blood. Only when antibodies to the specific capsular polysaccarides are present, a complement mediated lysis of invading bacteria is possible. The immune response against these antigens carries a number of features which differ from those against protein antigens (Mosier and Subbarao, 1982; Mond et al., 1995) . In detail the Dex-specific antibody response in euthymic BALB/c mice is largely restricted to IgM antibodies carrying the J558 Id (Schuler et al., 1982 (Schuler et al., , 1984 (Clemens et al., 1998) .
A J558 Id-specific T cell clone, 178-4 Ts, with the properties of T suppressor cells operating in situ has previously been isolated and its TCR been sequenced (Stib et al., 1990; Austrup et al., 1993) . Cells of this clone restrict the Dex-specific response to IgM in BALB/c nu/nu mice after adoptive transfer of and T cell reconstitution with 178-4 Ts cells. At the same time they cause an accumulation of anergized Dex-specific By memory cells. Thus the T cell clone Ts is a true representative of the regulatory T cells operating in situ in euthymic BALB/c mice (Schuler et al., 1984; Stib et al., 1990 ). An investigation of the degree of heterogeneity of the TCR usage revealed that all Dex-primed BALB/c mice use for a putative controlling element a very similar, if not identical TCR as the one found in 178-4 Ts cells (Rademaekers and K61sch, 1995) . This suggests a tight, possibly germline encoded interaction between the J558 Id bearing Dex-specific B cells and their J558 Id-specific 178-4 Ts analogous T cell counterparts controlling the Dex-specific response.
In this study we evaluate parts of the mechanism of this interaction. On the one side the tight idiotypic connection between T and B cells silences in a cognate interaction isotype switched By memory cells.
On the other side it forms a gate preventing the appearence of sequence variability in the rare Dex-specific IgG antibodies which otherwise exists in the IgM pool (Clemens et al., 1998) . Furthermore it brings into play a CD28/B7-1 interaction as source of a costimulatory signal in the cognate interaction between J558-specific 178-4 Ts analogous T cells and J558 idiotype bearing Dex-specific B cells (Specht et al., 1999) which results in a T cell mediated dominance of a sole idiotype leading to invariance of antibody diversity. This is in contrast to the response against protein antigens where diversification is assumed to be the basis for successful adoptive immune responses leading to affinity maturation within the antibody repertoire. In the case of bacterial antigens an increase of antibody diversity however may be of disadvantage and can result in a loss of protection (Benedict and Kearney, 1999) .
RESULTS
The V H CDR3 region contains the T cell epitope required for cognate suppression To investigate the requirements for activation of 178-4 Ts cells, synthetic peptides of various CDR3 sequences found in the Dex-specific IgG hybridomas (Clemens et al., 1998) were synthesized as 13-or 18mers (Table I ). The 13 mers comprise the amino acids from position 91 to 103 of the VH region. The 18mers start at position 84. It should be noted that all peptides include amino acids which are known to be preferred amino acids or are anchor sequences for binding by I-E 1 (Rammensee et al., 1995) . Immortalized XS52 dendritic cells of BALB/c origin as APC (Xu et al., 1995) were pulsed with these peptides and used for stimulation of 178-4 Ts cells. Only the two peptides containing the J558 CDR3 region are able to stimulate 178-4 Ts cells to produce IFN-y (Figure 1 ). (Fernandez, 1994) . Table I (Schuler et al., 1982) or by drug administration (Austrup et al., 1991 the finding, that all Dex-specific IgG producing hybridomas derived from euthymic as well from nude mice, and previously analyzed with regard to their molecular heterogeneity (Clemens et al., 1998) belong to the latter group. (SC irr.) (Figure 7) is strongly reduced after 6 days of culture in the absence of 178-4 Ts cells (Figure 6 ). In contrast the percentage of J558 Id positive B cells remains at this high level or is even slightly enhanced when 178-4 Ts cells were added to the culture. The rate of IgG suppression as measured by spot-ELISA (Figure 3 ) is evidently higher than measured by in situ hybridization ( Fig. 6 and 7) . 
DISCUSSION
Bacterial polysaccharides like dextrans belong to a group of antigens which have been classified as "thymus-independent" (TI) antigens. The immune response against these widespread distributed antigens carries an number of features which differ from those against protein antigens (Mosier and Subbarao, 1982) . Despite of being grouped to the thymus independent antigens the immune response against Dex is controlled by idiotype specific T cells and largely confined to the sole production of Dex-specific IgM Ab. In contrast to this situation in euthymic BALB/c mice, athymic BALB/c nu/nu mice upon immunization do not only produce IgM but proceed to a vigorous IgG Ab response. A T cell clone which is a true representative of the regulatory T cells operating in situ by all criteria tested, has previously been established (Stib et al., 1990; Austrup et al., 1993) .
As shown in Figure 1 this The involvement of CD28/B7-1 interaction (Figure 2b ) suggests in addition that a true costimulatory suppression signal is required for maintaining the silencing of B cells (Specht et al., 1999) . In contrast purified B cells from CD40 -/-mice behave like normal BALB/c mice indicating that there is no requirement for a CD40 costimulatory signal (Figure 3a) .
The low IgG titer in IFN-/-/-as compared to normal mice ( Figure 2a) is not surprising since previous experiments had already excluded IFN-, as a mediator of suppression in the anti-Dex response (Clemens et al., 1998) . The immune response against Dex is restricted to the sole production of IgM Ab in euthymic BALB/c mice whereas athymic BALB/c nu/nu mice proceed to a vigorous IgG response (Schuler et al., 1982 (Schuler et al., , 1984 . This situation can be simulated in cultures of purified B cells (Figure 3a) . Reconstitution of BALB/c nude mice with 178-4 Ts cells before immunization leads to a massive suppression of the Dex-specific IgG response comparable to the level of euthymic BALB/c mice (Figure 3b) (Kelsoe, 1987 (Schuler et al,, 1982) or by drug application in situ (Austrup et al., 1991) .
As shown in Figure 6 The idiotype-specific T cell 178-4 Ts maintains the integrity of a protective immune response against carbohydrate antigens by limiting the antibody diversity. Thus T cell mediated antibody invariance ensures a rapid and effective response and is of advantage in the immune response against bacterial carbohydrate antigens. This is in contrast to protein antigens where diversification is assumed fo be the basis for succesful adoptive immune responses leading to affinity maturation within the antibody repertoire (Figure 9 ). In the case of bacterial antigens an increase of antibody diversity however can result in a loss of protection (Benedict and Kearney, 1999) .
MATERIALS AND METHODS

Mice
BALB/c-AnNIcr and BALB/c-AnNIcr nu/nu mice were purchased from Charles River, Sulzfeld, Germany, or bred at the institute animal facilities. (Simon et al., 1996) . The T cell clone 178--4 Ts was maintained as previously described (Austrup et al., 1993 In situ hybridization
In situ hybridization was performed on paraformaldehyde fixed cells as described before (Komminoth, 1992; Clemens et al., 1998 
